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Abstract
The article presents elements of study done during the research project realization, the aim of which was to develop a new 
method to implement ergonomically changes of workplaces in organisations. The method is based on identification and use of the 
organisation subsystems dynamic properties, as well as the dynamic features of the change itself.The methodology is based on 
the identified relations that control most of the objects subjected to input. These relations describe the connections between the 
course of the value of input and output signals of the object.It assumes that particular parts of the organisation constitute systems. 
These systems, just like all others, are subject to certain regularities: they generate output signals, based on the level and
dynamics of the input signals. However, the most crucial feature of the system is its static and dynamic characteristics. Under 
certain conditions, this feature of the system remains unchanged, while what changes is the level of the input signals of the
system. Therefore, knowing the system characteristics and the input signal processing, one may try to assess the value of output 
signals. The knowledge of a given system characteristics may not only enable the successful prediction of its behavior, but also it 
may enable to establish a scheme of regularities, so that the output parameters would preserve certain predetermined properties, 
regardless of the status of the inputs. The research project within the study concerned the analysis of the dynamics of the 
processes of environmental changes implementation in organisations. On the basis of detailed studies in the organisations the 
most important relations describing the behavior of employees have been identified. Due to the knowledge of the dynamics of the 
given process as well as the interactions and connections that exist between different objects in the organisation, it will be easier 
to estimate the time of achieving the goals and determining the real value of purposes which the organisation subsystem 
achieves.The article below presents a part of the analysis concerning the way the employees approach a planned change.
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1. Introduction
The article presents the analysis of the process of implementing changes at work posts. The changes referred to 
application of ergonomic improvements [4]. The aim of the improvements was to increase the quality of products 
through reducing the number of errors. In 87% of cases a significant improvement of the process was achieved, 
because the number of errors committed by the workers decreased by 30%. The research was devoted to dynamics 
of the process of achieving a stable improvement. This included collecting information on the number of committed 
errors along the period between a change implementation until achieving a constant level of errors commitments. 
Dynamic parameters of changes implementation process were identified for thus prepared data. The above was 
based on the assumption that man is a dynamic object, which, subjected to forcing (in the sense of control theory), 
behaves like as dynamic object with a specific transmittance function. Introducing changes at a work post is actually 
an application of forcing in a dynamic object consisting of a man and his working environment. The study presents 
the issue of the influence of the introduced change on the man-environment  system in a dynamic approach.
2. Human–environment system
The role of human in a human–environment system consists in interpretation of the environment and in 
influencing it. Recognition of the environments takes place basing on the rule of direct or indirect perception with 
the use of technical means. The environment determines the frames of human activity, that is this type of the 
surroundings that is decisive for the rules of conduct: law, physics, norms, customs, schemes, etc.
Information flow associated with control in a human– environment system is realised according to the rule of 
four phases [2]: measurement, assessment, developing control signals, realisation of working process. A model of 
the process, the aim of which is to recognise and identify the environment, is presented in Fig. 1. Two information 
flows occur in this system: control process and identification-supervision. The flows enable supervising the 
accuracy of the system operation.  
Fig.1. Model of human–environment system for realisation of the objective: identification of the environment [2].
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An approximate form of dynamic characteristics of the system is expressed by the transfer function:
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where:
H1(s) dynamic characteristics of human in the environment measuring and identification process,
H2(s) characteristics of the block of impacting the measurement process,
H3(s) characteristics of the measurement process,
1e Ws operation delay in the environment measurement system.
Human participating in the process of environment identification and measurement constitutes part of a certain 
closed system. Together they are located inside another environment, natural for such a system. Couplings are 
observed to occur between human and the observed environment, because observation cannot take place without 
quantity changes, within the environment as such and in the human. Basing on perception (observation results) 
human can undertake a number of actionsthat initiatechanges of the observed process. Such an activity always has a 
regulating character concerning dynamic state of the process [5]. Such a statement is eligible, because each of 
rational and deliberate human actions can be classified as a regulation action. Aiming at a specific objective consists 
in exerting such an influence on the environment, with the participation of energy and other means, in order to 
minimise the differences between the actual state of the environment and the target state. 
The human-environment system apparently exists always when an operator plays any role in an organisation. 
From the point of view of dynamics, first of all the influence of the observer of the phenomena on their level is 
meaningful. The process of the surroundings observation as such can significantly load the control process. For the 
cases of operational and tactical management, realised in an environment typical for a given community, the 
dynamics of perceiving the reality by the operator will have no significant meaning. 
3. Research
The research was carried out for fourteen organisations. They included production and service enterprises and 
one financial-service organisation. The size of employment in particular organisations differs and ranges from one 
hundred people employed in one plant to a few thousand people employed in different branches of a company. Still 
for the purpose of the research it is more important to tell the difference between the size of employment in specific 
units of organisational structure. The smallest group of employees was constituted by a four-people crew in an 
agency of one of the companies, and the most numerous one were over one-hundred people employed in a 
production hall. 
For all the enterprises the analyses of sociological, identification and changes-implementation dynamics were 
carried out, which helped in models elaboration and establishment. Also implementations were introduced in 
companies on the basis of the proposed changes control methods, which enabled building the models of description 
of properties for: organisational change, shaping attitudes towards change and engagement in change. 
The objective of this part the research process is to identify dynamic properties of human–environment system in 
an organisation, under implementation of ergonomic changes at work posts. The basic dynamic features identified in 
the system are: droop, oscillations, delay, resistance. 
An important part of the research is devoted to registering the effects and reactions to forcing changes. This part 
was performed for selected posts (one-person) and groups of employees. The registration consisted in observation of 
the course of normal organisational processes in real social-technological- information environment. Employees 
were a subject to non-participation observations, so that they did not consider the fact of being observed a type of 
supervision or inspection that they could associate with any forms of penalty. Such conditions were achieved thanks 
to acquaintance of the employees with the observers, who in earlier stages of the research carried out a number of 
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conversations with the crew. Hence the employees knew that the researchers are neutral towards tasks performed by 
them. Achieving of this status was very important due to maintain the standard of normal courses of processes.
In the examined enterprises parameters registration was performed during the process of changes course analysis 
with the use of the method of collecting quantitative data on the state of processes. In some of the cases the methods 
were based on the system of automatic collecting of information about processes (especially in cases of production 
operations or other representing transaction type and using computer systems).
4. Identification of dynamic properties in response to forcing
A functional model, based on the obtained transfer function, has to be built in order to answer the question about
what resistance depends on and how it is stimulated. 
For the purpose of identification usually the base wide range of models possible to describe with a transmittance 
is accepted [1]:

 


 n
i
i
s
sT
ksG
1
)1(
e)(
0W
(2)
Due to the character of reactions of the objects under forcing in the studied companies, the model still has to be 
enriched with an option of oscillation and the resistance effect, i.e. counter-reaction. As a result imaginary roots are 
taken into account in the denominator, and polynomials of degree higher than 1 appear in numerator .
As far as the degree of a polynomial in denominator is concerned, in practice, for the purpose of controlling 
processes with interferences, the models not higher than 3rd order are used [1,3].
Thus the assumed reference model of the object being identified has the following form:
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The fact of taking into consideration a nonzero component in the numerator polynomial (b1 or b2) confirms the 
existence of differentiation effect, i.e. of the element’s reaction in an immediate way. The value of the reaction 
signal is directly proportional to the rate of change of the input. Below a simplified version of the transmittance is 
presented: 
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The fact of the existence of non-zero T3 ratio confirms the appearance of a differentiating element within the 
object’s structure, additionally in a negative feedback with the rest of the elements. The phenomenon of resistance is 
a practical consequence of such a situation. The resistance appears as a counter-reaction to the applied forcing. 
Research proved that the ratio of the counter polynomial T3 is usually lower than zero, which responds to the 
situation when an object manifests symptoms of resistance in the beginning of a change implementation process. 
Negative value of this parameter actually means counteracting the main trend decisive for the response to the 
forcing. The main trend of an object manifests proves following towards a change, hence it is logical that a 
resistance tends to counteract. 
The above notations (5) can be presented in a root form as far as the polynomial in the denominator has real 
roots.
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In accordance with the accepted concept, the identification of features of subsystems inorganisations has been 
realised through analyses of reactions of a given subsystem to implementations of changes (forcing). The 
observation of effects achieved by a given object was the basis for determining dynamic parameters of the analysed 
object. 
On y-axes an un-nominated amplitude scale was used, according to which  the target level of the effect that is 
aimed to be achieved while realising the change process expressed by value „1”. 
5. Cases
In each enterprise behaviours accompanying the reaction to increasing the standard of performance which 
employees are accountable for were observed. Realisation of a change demanded the increase of work productivity. 
In none of the cases there was higher gratification associated with rising the demands. The change was justified 
by the necessity to realise saving plans. The rising did not have a revolutionary character, it referred to small 
changes, and yet it caused discontent. Symptoms of resistance could be observed. The employees adjusted their 
work to the heightened demands, and after some time they proved the expected productivity. It was characteristic 
that in 71% of cases the productivity lowered after having reached the target level (Fig. 2.).
The most probable cause for the decrease in productivity was ceasing articulating the demand of maintaining the 
target productivity. 
Decision-makers concluded that after having achieved the expected state, the change of norms is performed and 
realised in an efficient way. The above is an example of a delayed resistance phase. Actually it is not strictly a delay 
understood as a reaction to a stimulus as an effect of the objects inertia. The inertia manifests itself with the work of 
a subsystem for maintaining the previous state in the situation of a lack of a stimuli. On the other hand such a 
situation (disappearance of a normal stimulus) can be treated as the appearance of a forcing with the opposite 
amplitude, which is characteristic in situation of lack of action standardisation. When an organisation, after having 
adjusted to new circumstances, is not sufficiently shaped to realise processes according to the changed rules, as soon 
as the forcing disappears, it tries to return to the state from before the implementation. For particular elements of the
system proper methods of stimulating the level maintaining can be used in order to enable keeping the level up after 
disappearance of forcing.
Fig. 2. A response to forcing the increase of productivity, data acquired automatically [4].
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Fig.3.A response to a change of work post configuration with a visible initial resistance, data acquisition by hand [4].
Fig.3 presents an adjusted dynamic characteristic for one of the cases of the forcing that consists in change of a 
work post configuration (ergonomic improvement). A transmittance for this system was calculated as below.
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The characteristics in Fig. 4 do not prove any resistance, whereas in the system the phenomenon of droopis 
observed (the target value is unreachable). Additionally oscillations are visible in this course, proving lack of 
experience on the part of performers as far as realisation of an ergonomic objective is concerned. 
It should not be assumed that for each type of change only the types of courses were identified that are analogous 
to the ones on the exemplary graphs. 
Fig.4. A response with oscillations to the forcing in the form of changing working conditions, data acquired automatically [4].
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A richness of behaviours and dynamic features does not allow for generalisations of the scale. The aim of the 
presentation of the courses is only to demonstrate the variation, whereas the question if there exists relation between
their type and the kind of forcing is a subject to considerations in a broadened version of the experiment, not 
described in this study. 
The change in Fig. 5 consisted in a sudden modification of the environment and priorities of tasks, which results 
in confusion experienced by executives. Most often they were not sufficiently informed about the reasons and 
consequences of modifications. Here doubts arise about correctness of the account for the task so far. In enterprises 
where changes are permanent misinformation confusion is less significant. In most cases  (73%) employees quickly 
undertook tasks in a new configuration, treating the appearing circumstances with understanding. The adjustment 
consisted in adapting to new requirements. In 87% of cases a new production order came from a group of earlier 
realised tasks, therefore the employees were acquainted with the rules of performing the job and had indispensable 
equipment and knowledge. Also the production system was properly adjusted to change of a production order 
(feeding with material, putting-off places, means of inner transport, supply with tools and workshop aids). 
Due to the order was not always modified with regards to the whole planning cycle, problems appeared (in 32%
cases of changes) associated with synchronising tasks realisation in a technological line, which caused the effect of 
“bottlenecks” (too low  productivity at a work post performing prerequisite operations or too high speed at the next post). 
Since the enterprises realised tasks within typical production orders, the flows of production stream between posts 
wasstabilisedspontaneously, thanks to ongoing interventions.
Step characteristics of an exemplary object under change of environment and task priorities is presented in Fig. 5, 
whereas operator transmittance for the object is the following: 
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Fig.5. An example of reaction to changes of environment and task priority, data acquired automatically [4].
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6. Conclusions
Dynamic parameters were identified for particular implementations. The identification process was realised with 
the use of software written in Matlab. As a result of the application operation equations of objects in the function of 
time and operator transmittances were obtained. Thanks to the above probable dynamic models of each unit taking 
part in the change implementation were worked out. The obtained models are the basis for consideration on 
dynamics of implementations in the area of working environment improvements. It turns out that dynamic 
parameters, i.e. the way human–environment system reacts to changes in the initial period of their introduction are 
decisive for the target value of achieved effects. The level of achieving the objective in the second period does not 
only depend on static relations but also to a large extend on the dynamic reaction of the system to stimuli. 
It is the objective of further analyses to determine relations between dynamic parameters obtained during 
identification and other parameters describing the process of implementing a change in specific conditions. The aim 
of the considerations is to establish possible correlations and potential influence of some parameters characterising 
the environment of a change implementation and the properties of the change itself on dynamic properties of an 
object participating in the process of change implementation.
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